Objectives: Visceral leishmaniasis (VL) is endemic in tropical and sub-tropical areas. Only anecdotal cases of VL in pregnancy are reported in the literature, although the disease is life-threatening for both mothers and infants. Here we report a small series of pregnant women with VL observed in the Neapolitan area over a 7 year period and carry out a systematic review of the literature on this topic.
Introduction
Visceral leishmaniasis (VL) is endemic in tropical and sub-tropical areas including the Mediterranean basin. The vast majority of cases are recorded in the Indian subcontinent, East Africa and northeastern Brazil, where Leishmania donovani and Leishmania infantum (syn.: Leishmania chagasi) are the main aetiological agents. In the Mediterranean where the incidence is estimated to be at least 1000 cases per year and dogs provide the reservoir for Leishmania infantum, the disease affects patients of all ages, but children and the immunodepressed are more frequently involved because of a relative inability to contain the infection. [1] [2] [3] Pentavalent antimony (PA) therapy has been extensively used in both immunocompetent and immunodepressed patients with leishmaniasis. However, the increasing rate of resistance reported in areas with high prevalence of VL, the incidence of serious adverse events, and concerns about long-term toxicity and teratogenicity have limited the use of antimonial drugs and promoted alternative treatments, such as amphotericin B (AmB). Because renal toxicity of the conventional drug formulation limits daily dosage, lipid formulations of AmB, i.e. liposomal (l-AmB), colloidal dispersion and lipid complex, have been developed and found effective and safe, since they result in higher concentrations in liver and spleen tissue macrophages and in low concentrations in the kidney. High cost makes lipid formulations of AmB unaffordable in developing countries, where VL is endemic. [4] [5] [6] [7] Normal pregnancy is accompanied by changes in immune response, mainly a decrease in cellular immunity and a proportional increase in humoral immunity, which may in part account for the successful growth and delivery of the fetus hemi-allograft. These physiological events result in an increase in the risk for infections sustained by some parasitic agents whose immunity is based on a T-helper 1 predominant response. 8, 9 Although on the basis of this immunological evidence the risk of VL during pregnancy may be higher, no specific epidemiological data support the hypothesis.
VL is a severe disease and warrants treatment. During pregnancy the disease is life-threatening for the mother and may have consequences for the fetus. Some concerns may arise about the safety of the drugs used for VL on the fetus, since all registrative trials of new drugs for VL exclude pregnant women. 5, 6 Here we report a small series of VL in pregnant women treated with l-AmB. We examined the safety and efficacy of the drug in both pregnant women and newborns, and carried out a systematic review of the literature on this topic.
Materials and methods
We reviewed all cases of VL in HIV-negative female patients admitted to the I Division of Infectious Diseases at the 'D. Cotugno' Hospital, Naples and to the Department of Infectious Diseases of the II University of Naples (main regional referring centres for adult VL), between January 1996 and December 2002.
Inclusion criteria for the study were: (i) pregnancy diagnosed by b-human chorionic gonadotropin measurement; (ii) positive test for antibodies against Leishmania determined by the immunofluorescent antibody test (IFAT); (iii) demonstration of Leishmania from Giemsa-stained smears of bone marrow or spleen aspirates, or from cultures carried out with this material. The exclusion criterion was co-infection with HIV.
At admission, we collected demographic data (age, sex and residence), previous or underlying disease(s), period of gestation, history of previous pregnancy, presenting signs and symptoms (fever, hepatic and spleen size), non-specific laboratory data such as full blood count, gammaglobulin concentration, erythrocyte sedimentation rate (ESR), blood urea and creatinine, and specific laboratory data such as antileishmanial antibody titre determined by IFAT. Cultures were attempted from bone marrow aspirates, and zymodeme analysis of Leishmania strains obtained was carried out. Positive cases were treated with l-AmB at a dosage that had proved highly effective in adult Italian patients in a multicentre trial (3 mg/kg at days 1 -5 and 3 mg/kg at day 10). 10 Post-treatment follow-up included clinical examination, blood cell count, ESR and IFAT titre at the end of therapy and monthly in both women and newborns.
Pregnant women were considered cured when symptoms disappeared, laboratory data improved and no clinical relapse was observed during the subsequent 24 months.
At delivery, newborns' weight and vitality (defined by Apgar score at 1 min after delivery) were evaluated. Newborns were considered disease free if no clinical signs of VL developed during the follow-up and IFAT titre decreased until it became undetectable, during the 24 months of follow-up.
To better evaluate the effect of the treatment of VL during pregnancy and the impact of the treatment on both mother and fetus, we carried out a systematic search of the English language literature using the MEDLINE database with the search strings 'leishmaniasis AND pregnancy' and 'leishmaniasis AND visceral AND congenital' for reports published from January 1968 to March 2004 and by checking of the Cochrane Library and manual research of the references from available review reports about VL and pregnancy and treatment. Furthermore, using the same search strings, we checked the 'Google' and 'Altavista' search engines in order to find other unpublished papers (i.e. post-doctoral theses). Cases were eligible for review when diagnosis in the mother was based on serological and/or parasitological evidence and data about newborn conditions were available. The initially selected articles were independently (P.P. and G.B.G.) reviewed if deemed relevant and data were extracted. Manual research on the papers regarding series of VL completed our literature search. In each reported case, we recorded, when available, age, parity, period of gestation at the beginning of the disease, therapy and outcome. The retrieved cases were pooled together with our own cases and the impact of the treatment on both the mother and newborn was evaluated by a two-tailed x 2 test.
Results
Five consecutive pregnant women were diagnosed as having VL during the study period. All cases were from the Neapolitan area; none had underlying diseases. The onset of clinical symptoms varied between 1 and 12 weeks (median 9 weeks) before diagnosis. Fever was reported in all cases, weight loss in three and abdominal pain in two. Four women were in their first pregnancy, and one in her second. The main demographic, clinical and laboratory findings at admission are reported in Table 1 .
Anti-Leishmania antibodies were always present, IFAT titres ranging between 1/640 and 1/10 240 (median 1/1256). In all cases, amastigotes were observed from Giemsa-stained smears of bone marrow aspirate. Cultures from such specimens were attempted in three patients and found to be positive in two. Zymodeme analysis was carried out in two cases. One strain was characterized as zymodeme Montpellier (MON) 1, i.e. the commonest L. infantum zymodeme in the Mediterranean area; and one as MON 72, an L. infantum zymodeme exclusively found in our area. 11 On treatment, all patients had a rapid improvement of clinical and laboratory parameters. Defervescence occurred between 48 and 96 h after first drug administration. Spleen size was reduced to 2.6 ± 1.5 cm below left costal margin by day 10 and to impalpable by day 40 in all cases. Changes in spleen size, white blood cell and platelet counts, haemoglobin concentration and ESR are reported in Figure 1 . No case had a rise in blood urea and creatinine levels during treatment. Anti-Leishmania antibodies declined until they became undetectable by month 6. No relapse was observed. All patients conducted a full term pregnancy. Five healthy newborns were delivered; Apgar score ranged between 7 and 9, and weight ranged between 3200 and 3700 g. At delivery, four newborns had detectable levels of anti-Leishmania antibodies; all became negative within 6 months, indicating passive transmission of antibodies. Newborns from infected mothers did not show any abnormality during the 24 month post-delivery follow-up period.
A total of 65 published studies were extracted from MEDLINE; none was extracted by checking of the Cochrane Library and of 'Altavista' and 'Google' search engines on the basis of our inclusion criteria. Of these studies, 54 were excluded from the analysis for the following reasons: 16 were not in the English language, 18 did not report original cases (general comments or report of previously described cases), seven reported experimental studies of treatment or non-human transmission, seven reported cases affected with cutaneous leishmaniasis, and six described cases in infants without clinical evidence of VL in the mother. Therefore, 11 studies (total number of patients 17) remained, and eight described a single case. Table 2 summarizes the studies analysed. 12 -22 Four untreated cases are reported; of them, two resulted in newborn VL, one in in utero death at the fifth month of pregnancy, and one in a small for date newborn. Treatment was reported in 13 cases and resulted in a favourable outcome in both mothers and newborns in all but three. 'No treatment' or 'relapse' resulted in a significantly higher risk of fetal complication or death (x 2 = 4.6; P < 0.05). By adding our five cases treated with l-AmB, a total of 22 VL cases were available and the association between no treatment and fetal complication or death became stronger (x 2 = 7.0; P < 0.01). Of note, no information about type and length of therapy received by the mothers was reported in two cases that lead to VL in newborns despite treatment of mothers, whereas relapse after a 4 week course of Pentostam was reported in one case with intrauterine growth retardation and subsequent congenital VL. No toxicity was reported in eight cases receiving AmB (two received l-AmB) and in three cases receiving PA.
Discussion
We report five cases of VL in pregnant women from the Neapolitan area. As 60 000 women become pregnant each year in our area, 23 we may assume that during the study period the yearly incidence of VL in pregnancy was 1/83 000, quite similar to the incidence of VL in the whole adult population (1/100 000). Although depression of cell-mediated immune mechanisms during pregnancy favours infections sustained by other intracellular agents, our data indicate that an increase in the risk of VL does not occur in pregnant women. 8, 9 Four of our patients were in their first pregnancy and only one was in her second pregnancy. Higher susceptibility to parasitic infections, such as malaria, was reported in primiparous women with respect to multiparous women because of depression of natural killer cell cytotoxicity, mediated by high cortisol levels, which may play a role in the inability to develop or maintain the immunity. Such immune mechanisms may also explain the higher prevalence of women in their first pregnancy observed in our cases. 24 Time from the onset of symptoms and diagnosis was higher than 7 weeks in four of our cases and in most cases reported by other authors. Frequently, a long lasting history of fever, weight loss and unexplained low haemoglobin levels preceded diagnosis of VL in pregnancy, particularly in the developed world. These findings warrant a careful evaluation of the diagnosis of leishmaniasis in pregnant women with fever of unknown origin and haematological abnormalities, if a history of exposure in endemic areas is reported. 25 Because untreated VL during pregnancy may lead to severe disease, characterized by high grade anaemia, spontaneous loss of the fetus, and congenital VL because of transplacental transfer of parasites, the treatment cannot be deferred, even in apparently low symptomatic cases. This indication to therapy of VL during pregnancy is supported by the association between 'no treatment' and abortion or disease in the newborns that emerged from the literature analysis (Table 2 ). In three of these cases, however, a higher virulence of the agent (Indian or African strains of L. donovani) cannot be ruled out. 13, 14, 16, 20 Antimonials are not considered safe during pregnancy, mainly because of concerns derived from experimental studies. 26 Data derived from three cases treated with pentavalent antimonial suggest a careful evaluation of antimonial use during pregnancy. Favourable outcome was reported in two pregnant women observed in our area, whereas the delivering of a small for date newborn who developed fatal VL at the 7th month of age was observed in a case from Sudan who had post-treatment relapse. 16, 18, 19 AmB has already been investigated in pregnant women with mycotic infections and is considered safe and effective. 27 A favourable outcome was reported in six pregnant women with VL treated with AmB deoxycholate, but the renal toxicity and the long duration of the treatment may raise some concerns. 17, 22 In all, l-AmB was found safe and effective in seven cases. In our series of five cases, haemoglobin levels had a more rapid improvement than generally observed in patients treated with AmB deoxycholate, no toxicity was observed in either mothers or newborns and the cure rate was 100% with a short course treatment. Of note, no study reporting l-AmB use in pregnancy was analysed in approving the drug by the US Food and Drug Administration. 5 In most of the cases described in this article, the characterization of Leishmania spp. was not done, so that we cannot exclude that transmission rate to fetus may differ among Leishmania species. Of note, fetal transmission occurred only in areas where L. donovani is endemic. Interestingly, we retrieved five cases from India that were treated with AmB, and all of them had a favourable outcome.
In our cases treated with l-AmB, the cost is about 4000 e/case (assuming a 5 day hospitalization period for treatment and a hospital acquisition price for l-AmB of 125 e/50 mg). Treatment with AmB deoxycholate formulation would cost about 4200 e/case (assuming a 20 day hospitalization period for treatment and a hospital acquisition price for AmB deoxycholate of 5 e/50 mg). The reduction in the hospitalization period obtained with l-AmB balances the high cost of the drug and makes the use of l-AmB cost-effective in industrialized countries.
Overall, the data reported in this paper suggest that amphotericin B-based treatments can be safely and effectively used in pregnant women with VL. l-AmB offers the additional advantage of a short-course treatment and causes a prompt improvement in clinical and laboratory parameters. 
